Background: Nausea that develops during the period that begins 24 hours after the administration of chemotherapy is called delayed nausea, and occurs in many patients with cancer. Meals high in protein decrease the nausea of motion sickness and pregnancy, possibly by reducing gastric dysrhythmias. Ginger also has antinausea properties.
INTRODUCTION N
ausea is a frequent and debilitating side-effect of cancer chemotherapy. Nausea and vomiting are reported by patients to be among the most bothersome side-effects of their chemotherapy, 1 and are sometimes intense enough to compel a patient to withdraw from treatment. 2 Despite efforts to reduce chemotherapy-induced nausea and vomiting through the administration of various antiemetic agents, nausea remains a significant problem. 3 The incidence of vomiting has been significantly diminished in recent years with the introduction of serotonin and neurokinin-1 antagonist antiemetics, but patients continue to suffer from chemotherapy-induced nausea. 4 Protein meals and ginger represent potentially effective novel treatments for nausea. Jednak et al. 5 compared the effect of protein, carbohydrate, and fat meals on nausea experienced during the first trimester of pregnancy. Proteinpredominant meals reduced nausea significantly more than isocaloric carbohydrate and fat meals. Levine et al. 6 demonstrated that liquid protein meals reduced nausea and other motion sickness symptoms during exposure to provocative motion significantly more than liquid carbohydrate meals and when no meal was given. The physiologic mechanism by which protein offers protection against the development of nausea remains unclear, but the reduction of gastric dysrhythmias represents one possibility. Reports of nausea tend to be accompanied by abnormalities in gastric myoelectrical activity, as measured by electrogastrography. 7 Interventions that have been effective for the reduction of the severity of nausea have tended to diminish the dysrhythmic stomach activity that accompanies nausea (e.g., Muth et al. 8 ). Indeed, the antinausea effects referred to earlier of protein meals in the context of pregnancy and motion sickness were accompanied by significant reductions in gastric dysrhythmias. 5, 6 Lien et al. 9 showed that ginger reduces nausea, gastric dysrhythmia, and plasma vasopressin, a hormone that has been shown to increase along with nausea. Ginger also prolonged latency before nausea onset and shortened recovery time after exposure to a rotating optokinetic drum, a stimulus that often induces symptoms of motion sickness. Gonlachanvit et al. 10 reported that one gram of ginger reduced the gastric dysrhythmia and nausea resulting from the infusion of dextrose to produce hyperglycemia in healthy humans. In addition, it has been shown that ginger reduces postoperative nausea and vomiting. 11 The aim of the present study was to determine the extent to which protein meals with ginger, used as adjuvant therapies for standard antiemetic treatment, would reduce the de-LEVINE ET AL. 546 Note: None of the group differences in any of the variables displayed was statistically significant. layed nausea that often develops at least 24 hours after the administration of chemotherapy, and can continue for several days. In addition, electrogastrograms (EGGs) were recorded from a small sample of the patients to examine the effects of the test meal on gastric myoelectrical activity.
MATERIALS AND METHODS

Participants
Twenty-eight (28) patients with cancer (19 women) aged 29-83 years (mean age ϭ 54.3 years) scheduled for their first chemotherapy treatment with a moderately or highly nauseogenic cytotoxic drug completed the study. To be considered eligible, patients must also have been at least 18 years old at the time of their enrollment, and must not have had a history of gastrointestinal disorders involving nausea, undergone gastrointestinal surgery, or been diagnosed with gastrointestinal obstruction. A history of adverse reactions to any proteins or ginger also excluded patients from the study. The characteristics of the patients in each experimental group are displayed in Table 1 . The table highlights the great variability among the study sample in terms of the type of cancer that had been diagnosed, the cytotoxic agent that was administered, and the antiemetic drug that was prescribed. However, no difference between groups on any of these characteristics was statistically significant, nor were there significant correlations between these characteristics and any outcome measure. All patients provided written informed consent prior to their participation in the study.
Procedure
Recruitment and assignment to test meal groups. Patients with cancer scheduled for their first chemotherapy treatment were invited to participate. Patients were told that the protein meals with ginger were test products that may or may not relieve delayed nausea with any more success than standard antiemetic treatment would alone. As patients were enrolled in the study, they were randomly assigned to 1 of 3 experimental groups: Protein Group, High Protein Group, or Control Group. This was not a blinded study; both the investigators and the patient were aware of the group to which the patient had been assigned, but not until after the patient had provided consent to participate. There was no systematic bias in group membership in terms of sex, age, cancer type, cytotoxic agent administered, or antiemetic medication prescribed ( Table 1) . The Protein and High Protein Groups received test meals of varying protein content and ginger in the form of dried powdered ginger root in addition to standard antiemetic medication; the Control Group received only standard antiemetic medication. Patients assigned to the Protein and High Protein groups were asked to consume 2 test meals each day: 1 at breakfast (8:00 AM) and 1 in the late afternoon before dinner (4:00 PM) for 3 days beginning 24 hours after their first chemotherapy session had ended; patients in the Control Group were asked to continue with their normal diet. The composition of the test meals for each group is denoted in Table 2 . Patients in all groups were asked not to modify their intake of protein and ginger during the study period unless dictated by the study protocol.
Symptom diary. At the end of each day of the 3-day study period, patients completed a Symptom Diary before bedtime to indicate whether or not they had experienced symptoms of nausea that day. Reports of the incidence of nausea, of nausea being a frequent occurrence, and of nausea being bothersome were made in the diary. All patients had been prescribed antiemetic medication to take as needed over the 3-day period; they also recorded in the diary the use of any such medication each day. Patients were instructed not to refer in their diaries to their nausea or use of antiemetic medication during the first 24 hours after the administration of their chemotherapy.
Adverse event monitoring. Patients were instructed to contact the investigators in the event of any adverse incident related to their participation in the study. Patients also received a phone call each evening during the 3-day study period from 1 of the investigators to monitor the occurrence of any adverse events. The phone call also represented an opportunity to remind patients to continue with their test PROTEIN, GINGER, AND NAUSEA OF CHEMOTHERAPY 547 
Electrogastrography
Electrogastrograms (EGGs) were collected from 5 of the High Protein Group patients in a manner identical to that described in Levine et al. 12 For 15 minutes before and 30 minutes after ingestion of their test meal, estimates of the percentage of EGG power within the normal range (2.50-3.75 cpm) and within the gastric tachyarrhythmia frequency bandwidth (3.75-9.75 cpm) were obtained by dividing power in those frequency ranges by estimates of total EGG power.
Data analysis
Chi-square analyses were performed to determine whether the percentage of reports of the incidence of nausea differed among the three groups. Similar analyses were conducted for the percentage of reports of nausea being frequent, the percentage of reports of nausea being bothersome, and the number of patients in each group who used antiemetic medication at any time during the 3-day study period. Alpha levels were set at 0.05 for each of these tests. The percentage of normal EGG activity before the test meal was compared to the percentage after the meal by paired ttests with the ␣ level set at 0.05. Similarly, the percentage of gastric tachyarrhythmia was compared before and after the test meal. Preprandial and postprandial ratings of nausea that corresponded to those changes were also assessed.
RESULTS
Of 178 screened patients, 50 were deemed eligible to participate, and 36 were enrolled. Most of the screen failures were based on the administration of chemotherapy that was only mildly, if at all, nauseogenic. Eight (8) 
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patients failed to return their symptom diaries to the investigators; 3 of these patients had been assigned to the Protein Group, 2 to the High Protein Group, and 3 to the Control Group. No adverse events were reported by patients who had either completed or not completed the study.
Among the 28 patients who completed the study, significantly fewer reports of nausea were made by patients in the High Protein Group than by patients in the other 2 groups, 2 (2) ϭ 12.7, p Ͻ 0.01. The difference between the Protein and Control Groups was not statistically significant. Only 6 of 24 ratings made by High Protein Group patients indicated that nausea had been experienced during the preceding day, while 15 of 25 ratings made by Control Group patients and 20 of 27 ratings made by Protein Group patients indicated the incidence of nausea (Fig. 1A) .
Significantly fewer reports of nausea being a frequent symptom were made by patients in the High Protein Group than by patients in the other 2 groups, 2 (2) ϭ 19.9, p Ͻ 0.01. The difference between the Protein and Control Groups was not statistically significant. Only 3 of 23 ratings made by High Protein Group patients indicated that frequent nausea had been experienced during the preceding day, while 15 of 25 ratings made by Control Group patients and 20 of 27 ratings made by Protein Group patients indicated frequent bouts of nausea (Fig. 1B) .
Significantly fewer reports of nausea being bothersome were made by patients in the High Protein Group than by patients in the other 2 groups, 2 (2) ϭ 14.0, p Ͻ 0.01. The difference between the Protein and Control Groups was not statistically significant. Only 6 of 23 ratings made by High Protein Group patients indicated that nausea had been bothersome during the preceding day, while 11 of 25 ratings made by Control Group patients and 21 of 27 ratings made by Protein Group patients indicated that their nausea had been bothersome (Fig. 1C) .
Significantly fewer patients in the High Protein Group elected to use antiemetic medication than patients in the other 2 groups, 2 (2) ϭ 6.4, p Ͻ 0.05. The difference between the Protein and Control Groups was not statistically significant. Only 5 of 10 patients in the High Protein Group used a prescribed antiemetic drug at any time during the 3-day test period, while all 9 patients in the Control Group and 7 of 9 patients in the Protein Group used an antiemetic drug (Fig. 1D) .
For the 5 High Protein Group patients who had their EGGs recorded before and after ingestion of their first test meal, their mean baseline nausea rating was 8.0 (out of 10). The rating decreased to 4.6 after the test meals, but the difference was not statistically significant for this small group of patients. Gastric tachyarrhythmia decreased significantly from before to after ingestion of the test meal, t(4) ϭ 3.13, p Ͻ 0.05 ( Fig. 2A) . Normal gastric activity increased significantly over this same time period, t(4) ϭ 2.70, p Ͻ 0.05 (Fig. 2B) . 
B A DISCUSSION
Reports of nausea were significantly less common among patients treated with high protein meals with ginger for 3 days following their initial chemotherapy treatment. Furthermore, the use of antiemetic medication among the same patients was significantly reduced, and indicates that the use of protein and ginger holds the potential for being an effective alternative for managing delayed nausea. That the ingestion of high protein meals with ginger was associated with fewer reports of frequent nausea and fewer reports of nausea being bothersome reinforces the notion that these nutritional supplements can provide relief for patients as they recover from a chemotherapy treatment.
Five (5) nauseated patients, all of whom had been assigned to the High Protein Group, consumed their first test meal as their gastric myoelectrical activity was monitored. Though the physiologic mechanism responsible for any purported beneficial effect of this nutritional intervention remains unknown, it is noteworthy that a consistent decrease in gastric dysrhythmia and a concurrent increase in normal, rhythmic gastric activity were evident after ingestion of the test meal. Each of the patients reported a relief from nausea with the meal's ingestion. The ability of protein meals to reduce the nausea of pregnancy 5 and the nausea of motion sickness 6 has been attributed to their reduction of gastric dysrhythmias. The suggestion that protein's value is based upon its ability to reduce gastric dysrhythmia and/or enhance normal gastric activity should be regarded only as conjecture at this point, given that these data reflect the responses of only 5 patients, but more research in this area seems warranted.
Ginger has been used in Asian countries for hundreds of years to relieve nausea, and many studies have demonstrated the potential value of ginger in preventing or reducing the nausea of pregnancy, 13 postoperative nausea, 11 and the nausea of motion sickness. 9 Many of the studies have tried to determine the mechanism by which ginger relieves nausea. For example, Sharma and Gupta 14 demonstrated in a rat study that ginger reversed a cisplatin-induced delay in gastric emptying. That the Protein Group was not different from the Control Group in terms of the symptoms reported in the diary while the High Protein Group reported less nausea suggests that ginger was not critical to the high protein meal's beneficial effects. However, the present study's design does not allow for such a conclusion to be firmly drawn. For instance, there may have been a unique interaction effect of high doses of protein and ginger on nausea.
CONCLUSIONS
Additional studies are needed to confirm the present results. There are several limitations of the study. The sample of patients was small and widely variable in terms of cancer types, the cytotoxic agents administered, and the antiemetic medications prescribed. There was not an adequate control group for the ginger component of the test meals. In addition, a placebo meal that contained neither protein nor ginger was not included in the design. Future studies using randomized designs should aim to reduce the impact of these limitations. Nevertheless, the present results do suggest a therapeutic effect of this nutritionally based intervention for the delayed nausea of cancer chemotherapy.
